Introduction
============

Current invasive prenatal diagnostic methods for fetal chromosomal aneuploidies, such as amniocentesis and chorionic villus sampling, induce a potential risk to a fetal \[[@B1]\]. Noninvasive screening methods for sonographic and maternal serum biochemical markers have been developed \[[@B2][@B3][@B4]\], but these markers cannot distinguish the core chromosomal abnormality and are not diagnostic actually. Improvement of methods for investigation of global transcriptional alterations in human disease is now enabling reproducible and consistent selection of genes that best differentiate samples originating from disease-affected or healthy individuals \[[@B5]\].

In recent years, researches proved the feasibility of cell-free DNA testing and integrating the RNA-single nucleotide polymorphism (SNP) approach and circulating mRNA-quantification approach for detecting trisomy 21 (T21) fetuses with PLAC4 mRNA molecules in maternal plasma by mass spectrometry and digital polymerase chain reaction (PCR) methods \[[@B6][@B7]\]. For samples with heterozygous SNPs on PLAC4 mRNA, our previous study has confirmed that SNaPshot mini-sequencing assay together with touchdown PCR can be successfully applied for noninvasive prenatal detection of T21 \[[@B8]\]. Nevertheless, the RNA-SNP approach cannot be applied for homozygous fetuses. Besides the RNA-SNP approach, the fetal chromosome 21 dosage can potentially be assessed by measuring the total concentration of PLAC4 mRNA in maternal plasma. It has previously been reported that there was a trend toward an increased PLAC4 mRNA concentration in the maternal plasma of T21 pregnancies, but the increase did not reach statistical significance \[[@B9]\]. While other researchers found that the differences between the euploid group and the T21 one were statistically significant \[[@B7]\]. Based on Lo et al. \[[@B9]\] and Liu et al. \[[@B10]\]\'s research, we have learned the clearance of PLAC4 mRNA from maternal plasma within 24 hours after delivery, thus showing its specificity to pregnancy. Besides this, Lo et al. \[[@B9]\]\'s study also indicated that there were significant differences in plasma PLAC4 mRNA concentrations between the first trimester and second trimester group as well as between the first trimester and third trimester one, which implied PLAC4 mRNA expression level in maternal plasma during first-trimester was lower than those during the second and the third trimester.

Noninvasive prenatal diagnosis of chromosome aneuploidies (for example, T21) has been achieved by measuring the ratio of two alleles of a SNP in circulating placental PLAC4 mRNA in maternal plasma with Multiple-SNaPshot assay in our previous study. Thus, our study aimed to quantification of PLAC4 mRNA by using reverse transcription real time PCR during different gestational weeks in second trimester, so as to provide deeper insights with suitable and accurate detection period for the noninvasive prenatal detection of T21.

Materials and methods
=====================

1. Materials
------------

We recruited, with informed consent, a series of pregnant women (2013 to 2014) at the Wuxi Maternal and Child Health Hospital in Jiangsu Province, China. Pregnant women attending their first routine visits in the hospital were offered screening for chromosomal abnormalities, which involved measurement of nuchal translucency and measurement of free β human chorionic gonadotropin in maternal serum. For the identified high-risk women, amniocentesis was offered. In this study, only women with singleton pregnancies were recruited. Samples were prepared from 25 euploid pregnancies and 20 T21 pregnancies. The serial plasma PLAC4 mRNA concentrations were measured weekly from same pregnant women (25 euploid pregnancies). We collected 5 mL of maternal peripheral blood into ethylene diamine tetraacetie acid containing tubes immediately before the procedure. Karyotyping was performed to ascertain the fetal chromosomal status. Our research protocol was approved by the ethical committee (Wuxi Maternal and Child Health Hospital Affiliated Nanjing Medical University).

2. Sample processing and RNA isolation
--------------------------------------

We stored the unprocessed blood samples at 4℃ upon collection and harvested plasma from the blood samples within 6 hours \[[@B11]\]. The blood samples were centrifuged at 1,600 g for 10 minutes at 4℃. The plasma portion was transferred into clean polypropylene tubes and recentrifuged at 16,000 g for 10 minutes at 4℃. We added 0.75 mL of TRIzol LS reagent (Invitrogen, Carlsbad, CA, USA) and an exogenous cell-mirco-39 RNA (cel-mir-39, with concentration of 10^-6^ µM) of known quantity per 0.25 mL of plasma before storage at -80℃. Finally, the plasma samples were shipped on dry ice to the laboratory for molecular analysis. All experimental procedures were carried out by a research assistant who had no knowledge of the fetal karyotypes. We extracted RNA from 1 mL of plasma-TRIzol LS mixture prepared as described above according to the manufacturer\'s protocol for double. We eluted the RNA with 15 µL of RNase-free water, and which was all used in reverse-transcription.

3. RNA quantification
---------------------

Quantification of RNA isolated from dilute samples such as plasma/serum can be very difficult \[[@B12]\]. Even when using a carrier to enhance the isolation efficiency, attempts to measure RNA concentration by standard spectrophotometry often fail due to the detection limit of this method. As a consequence of these difficulties in quantifying the RNA concentration of dilute solutions, it is in many cases not possible to use equal amounts of template RNA for each sample in the subsequent reverse transcription step. Because large amounts of sample are not always available, often the only alternative is to use equal input volume of RNA. The most commonly used approach here is the use of an exogenous micro RNA (cel-mir-39 in our study, used as endogenous housekeeping control) of known quantity \[[@B13]\]. We then reverse-transcribed the total RNA into cDNA, according to the manufacturer\'s recommendations of reverse transcriptase (Toyobo, Tokyo, Japan). Simultaneously, we reverse-transcribed endogenous reference cel-mir-39 RNA into cDNA in a same reaction tube, the primer sequences of which: 5\'-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAAGCT-3\'. All the primers were synthesized by Biotech Co. (Shanghai, China). The RNA samples were pre-heated before reaction, and then put on ice immediately. The reaction was set up in a reaction volume of 20 µL including 2 µL 5×transfer mix, 1 µL RT enzyme mix, 2 µL primer mix (with final primer concentration of 1 µM) and all the 15 µL pre-heated RNA we extracted. The reaction conditions: 37℃, 45 minutes, 95℃, 5 minutes. A final cDNA volume of approximately of 20 µL was obtained, which was stored at -20℃.

4. Quantification and analysis of cDNA
--------------------------------------

The cDNA samples were then used for real-time PCR measurement with specific primers. The primers for SNP Rs8130833 and cel-mir-39 were designed using Primer 3 software ([Table 1](#T1){ref-type="table"}). The primers were synthesized by Biotech Co. In this study, we selected primer with the SNP of Rs8130833 to realize the relative quantification of PLAC4 mRNA. The quantification reaction was set up in a reaction volume of 10 µL including 5 µL 2×SyBr-Green mix, 0.2 µL 50×ROX, 1 µL cDNA, 1 µL primer mix (the final primer concentration was listed in [Table 1](#T1){ref-type="table"}), The PCR was run for 45 cycles of denaturation at 95℃ for 2 minutes, annealing at 96℃ for 15 seconds and elongation at 60℃ for 45 seconds. After 45 cycles, a melting curve analysis was carried out (65℃ to 95℃) to verify the specificity of amplicons. The quantification reactions were performed on ABI PRISM 9700. To minimize stochastic effects, all amplification reactions were run in triplicates. The threshold cycles (Ct) were calculated automatically using the CFX manager software (Bio-Rad, Hercules, CA, USA). The expression level of gene PLAC4 was calculated using the delta-delta Ct method, as previously described \[[@B14]\], by normalizing Ct values to the extrinsic reference cel-mir-39 RNA. All samples gave only a single peak, indicating a single pure product and no primer/dimer formation. Real-time PCR efficiencies were acquired by amplification of a standardized dilution series of the template cDNA and were determined for each gene as the slope of a linear regression model. PCR efficiency was determined by measuring the Ct to a specific threshold for a serial dilution of cDNA. The amplification efficiencies in our study were displayed between 98% to 105%. Correlation coefficients (R^2^) ranged from 0.98 to 1.0, indicating that all of the primer pairs are highly specific and efficient in polymerase chain reaction amplification.

5. Statistical analysis
-----------------------

The relative level of expression (Q) for PLAC4 mRNA was calculated based on the formula Q=2^-ΔΔCt^. Each Ct value represents the average of three replicates. ΔCt=Ct~samples~-Ct~cel-mir-39~. ΔΔCt=ΔCt (treated)-ΔCt (untreated) \[[@B15]\]. In our study there were no treated samples, so we use ΔCt value to represent relative expression level of PLAC4 mRNA. Statistical analysis was performed using SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA). Data were expressed as means±standard deviation. Student\'s *t*-test was used in the comparison of mean between any two groups. *P*-values less than 0.05 were considered statistically significant.

Results
=======

1. Expression levels of PLAC4 mRNA assessed
-------------------------------------------

Ct value represents the number of cycles that the PCR product appear to effectively increase \[[@B16]\]. By calculating Ct value, we can compare the relative mRNA abundance of each sample of the PLAC4 gene. The higher the Ct value, the lower the mRNA level of the gene; Conversely, the lower the Ct value, the higher the mRNA level of the gene. In our study placental PLAC4 mRNA could be detectable in maternal plasma and showed a certain expression level in different gestational weeks. Among the control group (with normal euploidy pregnancies), the levels of PLAC4 mRNA expression in the gestation of 17 to 18 weeks were significantly less than those of the other three gestations (18 to 19 weeks, 19 to 20 weeks, 20 to 21 weeks; *P*\<0.05) ([Table 2](#T2){ref-type="table"}). But there was no significant difference between any two of the gestations ranged from 18 to 21 gestational weeks (*P*\>0.05) ([Fig. 1](#F1){ref-type="fig"}).

2. Comparison of the expression levels in PLAC4 mRNA between the control group and the trisomy 21 group
-------------------------------------------------------------------------------------------------------

There was no significant difference in plasma PLAC4 mRNA concentration between the control group and the T21 group (*P*\>0.05) ([Fig. 2](#F2){ref-type="fig"}).

Discussion
==========

PLAC4 mRNA is transcribed from chromosome 21 and expressed by the placenta in maternal plasma. PLAC4 mRNA in maternal plasma was fetal derived and cleared after delivery. The allelic ratios in maternal plasma correlated with those in the placenta. Based on Tsui et al. \[[@B17]\] and Kido et al. \[[@B18]\]\'s researches, we had previously acquired the identification that placental mRNA would be detectable in maternal and showed the highest absolute level of expression in the placenta together with the largest relative difference in expression levels between the placenta and maternal blood cells. Researchers then confirmed that PLAC4 mRNA could be detected in the plasma of women in all three trimesters of pregnancy, but not in the plasma of nonpregnant individuals. As PLAC4 mRNA expression level in maternal plasma during first trimester was lower than those during the second and the third trimester \[[@B9]\], we collected a series of maternal plasma samples from same singleton pregnant women in second trimester with different gestational age (range, 17 to 21 weeks).

Our study on the concentrations of PLAC4 mRNA suggested that plasma PLAC4 mRNA could be detectable in maternal plasma, which was in accordance with that of Lo et al. \[[@B9]\]\'s research. Besides than those of 17 to 18 weeks our studies showed a higher level of expression in the gestation of 18 to 21 weeks than those of than those of 17 to 18 weeks among euploid pregnant women, which can provide pregnant women a deeper insight with suitable detection period (18 to 21 weeks) for the noninvasive prenatal detection of T21. Subsequently, the comparison of PLAC4 mRNA expression levels between the two groups were inspected. And the analyses show that there is no significant difference in plasma PLAC4 mRNA expression level between the control group (comprised of 25 euploid pregnancies) and the T21group (comprised of 20 T21 pregnancies). Our results displays a different viewpoint about what is mentioned above \[[@B7]\]. One of the possible reasons was probably that there were individual differences in recruited samples with pregnant women. On the other hand, it could be correlated with the heterogeneity of cells derived from different fetal tissues \[[@B19]\]. Also it maybe because of dysregulation of genome-wide recombination in oocytes with nondisjoined chromosomes 21, which were based on Middlebrooks et al. \[[@B20]\]\' recent study. Reports on transcriptomic analyses of other fetal tissues \[[@B21][@B22][@B23]\], including cerebellum, heart or fibroblasts, demonstrated that sets of over-expressed and under-expressed genes differ across different cell types. Volk et al. \[[@B19]\] have detected altered levels of mRNAs transcribed from 964 unique genes, with 9 chromosome 21 (HSA21) genes showing significant upregulation in T21 amniocytes, which will predict diagnostic power for discrimination of T21 cases from controls. In their research, some other HSA21 genes didn\'t show an apparently increased tendency towards differential expression in T21 cases, with consistent in our observation.

We also recognize some limitations of our study. Firstly, the range of gestational age we studied were not wide enough. However, we believe that by increasing a larger width of gestational ages of samples with pregnant women, the insight we supply will be better. Secondly, as plasma are low RNA concentration samples, raising the possibility that preferential isolation of a subset of micro RNA might occur too when non-column purification is used. In addition, data from Michaela\'s studies have shown that TRIzol LS purification results in higher levels of total RNA recovered from plasma \[[@B24]\].

Among the transcriptomic studies only a few investigated transcriptomic alterations in prenatal T21 samples, including chorionic villus, amniotic fluid cell-free mRNA or amniocytes \[[@B25][@B26][@B27][@B28][@B29]\]. The heterogeneity of cells derived from different fetal tissues increases not only the biological variability, but also the possibility of identifying an expression biomarker that could discriminate between a T21 and a normal euploid sample. So what remains to us is to investigate and demonstrate the feasibility of other valuable expression biomarkers to predict high-risk pregnancy status on T21 and other aneuploidy diseases.

In conclusion, we have shown a deeper insight with suitable detection period (18 to 21 weeks) for noninvasive prenatal detection of T21, and we have not found an apparently increased tendency towards PLAC4 mRNA expression among pregnancies with T21 in second trimester.
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###### Polymerase chain reaction primers for SNP, extrinsic reference RNA and concentrations of primers
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SNP, single nucleotide polymorphism.

^a)^Forward:reverse=1:1.

###### PLAC4 mRNA relative expression levels in maternal plasma in different gestational weeks in control groups (ΔCt, n=3, χ±s)
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Data are presented as mean±SD (χ±s); Data compared by Student\'s *t*-test (χ represent the average ΔCt value of the three replicates.

^a)^Comparison between the gestation in 17 to 18 weeks and any other three gestational weeks, respectively (*P*\<0.05).
